The methodology and philosophical aspects of Shoichi Sakata's approach to the particle physics, especially the philosophical background of the Sakata model and his model-based examination on the quark model, are reviewed from the dialectic perspective of nature. §1. Sakata's encounter with dialectical perspective of nature Shoichi Sakata gained invaluable and precious insight for his forty-year-long study from 'Dialektik der Natur' (Dialectics of Nature) written by Friedrich Engels. 1) The 'Dialektik der Natur' had been finally published in 1925 in German and Russian despite its major portion is believed to have been written as early as between early 1870's and 1880's, going unpublished for years even after Engels' death in 1895. Sakata read the book as a Konan High School student in its Japanese edition published in 1929 by a graduate of this school, Tadasi Kato. After graduating from the high school, Sakata was enrolled in the Physics Department at Kyoto University and began learning the revolutionary theories of the 20th century, including the relativity theory and the quantum mechanics, which made him aware of the importance of seeing the nature in dialectic ways. He was also influenced by his reading of Lenin's 'Materialism and Empiriocriticism' whose famous sentence he frequently quoted: "Even the electron is inexhaustible as an atom is.". Sakata draw his insight from the 1932 discovery of the neutron by James Chadwick for the understanding of the structure of atomic nuclei as the composite system of protons and neutrons. In his dissertation for his bachelor's degree "On the Theory of Nuclei", he made practical application of the natural dialectic as a method of analyzing the atomic nuclei. §2. Philosophical background of the Sakata model Developing on Yukawa's meson theory of nuclear force, Sakata summarized his methodology in three parts: the 'question of model', the 'question of law' and the 'question of approximation'. After his further study on the meson theory in collaboration with Yukawa, Sakata examined the relations among the elementary particles, the strong interaction of the nuclear force and the weak interactions, in his search for finding a new model. In 1942, with Inoue, he presented the "Two-Meson Theory" as the model of the strong and weak interactions of the elementary particles, postulating the existence of a new entity called "muon" in addition to Yukawa's pion. The theory clarified the difference between pion which had strong nuclear force and the observed cosmic ray particles which had very weak interactions with matter.
generation elementary particles. The interaction model of the "Two-Meson Theory" is shown in Fig. 1 . Sakata's approach in the first question of model was succeeded by his protégé Shuzo Ogawa, passed away in January last year, who was a self-avowed figure for having embodied his mentor's philosophy more than anybody else. In 1956, Ogawa arrived at the notion of the universal weak Fermi interaction and the "weak boson" which assures the universality of the weak interaction 3) (See Fig. 2 ). With regard to the "question of law", Sakata proposed the C-Meson Theory as a way to solving the divergence difficulty of the QED, which was settled through the process of "renormalization" by Tomonaga and Schwinger. However, in 1951, with Umezawa and Kamehuchi, Sakata found that there remained several renormalizationimpossible interactions, leading him to believe in the 'limitation of law'. He stressed that a revolution on theory of physics would occur in near future.
Then, Sakata began further investigation into the question of model, throughout which he kept a note on his desk quoted from his cherished book, the Engels' 'Dialectics of Nature': "Essence of the modern atomism lies not only in its claim of discontinuity of matter, but also in its emphasis that those elements of the discontinuity, atoms-molecules-bodies-heavenly bodies and others, are the nodal points which restrict various qualitative mode of existence of matter in general." Sakata drew insight from Engels' epistemology on the infinite levels or strata of substances. Following the discoveries of a number of strange particles and the existence of extremely short-life particles called "resonance particle", he searched a way of understanding the existence of such varieties of elementary particles. He said, "From dialectical philosophy's viewpoint on nature, these elementary particles should not be considered as the ultimate elements of matter, like the atoms were explained in the natural philosophy in ancient Greece, but they must be understood as one of the infinite strata of nature in the same way as molecules, atoms and atomic nuclei are understood today. Various regularities found in the properties of the elementary particles-the mass spectrum, the structure of their interaction, the symmetry property, and so on-should not be considered as a 'forma' given by the 'Providence of God'. Instead, one should look for 'causa formalis' in the stratum lying deep beneath the elementary particles". 4) Sakata recalled the discovery of the neutron and the effects it gave on the theory of nuclei: "Once in 1932 the neutron was discovered and Iwanenko and Heisenberg presented a model in which atomic nuclei were assumed to be composite systems of neutrons and protons, the even-odd rule and other properties of atomic nuclei, which had been difficult to understand, turned out to be all reducible to a simple and clear logic of matter. By remembering the history and seeking an analogy with the atomic nuclei theory, I arrived at the notion of composite model". Infinite strata of nature correspond to the structure of how we have developed our cognition on nature, i.e the spiral evolution of the cognition, the notion stressed in Taketani's "Three-Stage Theory". 5) : the phenomenological stage, the substantialistic stage, the essential stage, and so on. Sakata placed the Nakano-Nishijima-Gell-Mann rule in the phenomenological stage and searched for a bearer of strangeness other than proton and neutron, the constituents of nuclei, a bearer of the electric charge and the baryon number. Inspired by the question, "Are pions elementary particles?" posed by Fermi and Yang 6) and postulating the Λ-particle as the bearer of this strangeness, Sakata presented the composite model of the elementary particles in 1955, the Sakata model, whose article was published in 1956, fifty years ago from today. 7) §3. Symmetry in the Sakata model
In 1958 Ogawa presented a symmetry among the three fundamental particles of the Sakata model. 8) The symmetry, formulated as the SU (3) symmetry by Ikeda, Ogawa and Ohnuki, 9) clarified that the mesons consisted of a octet of SU (3) multiples and postulated the existence of another iso-spin singlet meson now called the η-meson in the octet (see Fig. 3 ). The three physicists postulated yet another isospin singlet meson, provided that the state of SU (3) singlet existed. Soon after the Sakata model, Matumoto presented a mass formula of elementary particles, which is formulated in terms of the masses and binding energy of the constituents in the Sakata model from a substantialistical point of view. From a similar view point, another mass formula was proposed by Sawada and Yonezawa, 10) making Matumoto's mass formula 11) accommodable to the SU (3) symmetry. The Sawada-Yonezawa mass formula was later generalized by Okubo. We could predict the mass of the η-meson, which was predicted in the octet representation of the SU (3) symmetry, which was found one year later. The formula also predicted a very small mass of the η -meson, which belonged to a singlet of the SU (3) symmetry, and we unsuccessfully searched to find the meson by using available experimental data. The η -meson was later found to have a very large mass, which was explained by the notion of anomaly or instanton. As a result of its further research on effective interactions of hadrons based on their composite, the Hiroshima group presented the one-hadron-exchange model, as illustrated as the π − N scattering in Fig. 4 . This model was very effective in explaining the nuclear forces in the one-boson-exchange model. 12) Sakata appreciated the development of theoretical physics with a summary that, "As far as one regards the elementary particles as the ultimate elements of matter, the quantum theory of field-theoretical approach is a unique way of studying elementary particles. But from the perspective of the composite model, the elementary particles are regarded as a system of many-body, like an atomic nucleus, so that one will have a variety of approach to them as it is in a case of nuclear physics. What's more, the model is capable of finding a variety of theoretical approachthe group-theoretical method, the method of S-matrix, the theory of non-local field, the nonlinear field theories and so on, not in a mutually contradicting way but in their mutual correlation, one being complimentary to another. This is another property of the composite model. The group-theoretical approach is one of the various ways that have originated from the composite model and is gaining the most successful result up to the present time, a proof of its effectiveness in the classification of the known elementary particles and in the prediction of new kinds of particles. In 1959, Ogawa and Klein independently suggested that there existed the equality among the three fundamental particles in terms of their role in the strong interactions and that there was a relation of full symmetry among the three in a good approximation. This was the first step of the group-theoretical approach toward the understanding of elementary particles. Then, the three physicists found that the group of full symmetry was a three-dimensional unitary group U 3 , and they tried to classify the elementary particles based on their irreducible representation (1959). Here, for example, they related the three fundamental particles to the three-dimensional representation and π-mesons and K-mesons to the eight-dimensional representation, explaining them as a two-body system of a fundamental particle and its anti-particle. As a result, they predicted the existence of a new type of meson of its isospin 0 and of the same spatial property (parity) as π-and K-mesons. A meson of such type was later found by the experiment and was named η-meson."
In the early 1960s, there was a gradual understanding of classification that the baryons belonged to the octet representation group of the SU (3) symmetry. Analyses on the basis of the SU (3) symmetry clarified the difficulties associated with the baryons in the Sakata model, and the model was demanded for its modification. Despite our knowledge that the octet and the decaplet of SU (3) representations appeared in the three baryon number systems, we had not been able to make a leap forward to explaining the fractional baryon number and fractional charge.
In March 1963, the Research Institute for Fundamental Physics at Kyoto University held a meeting at the Hiroshima University on the theme of 'Models and Structure of Elementary Particles'. It was exceptional to hold such meeting in places other than in Kyoto, and it proved to be very encouraging for the Hiroshima group. Here, Sakata voiced his dissent from the philosophy of the S-matrix school, including the bootstrap model approach, which claimed that the elementary particles were final strata of matter and should be closed off in self-consistent way among themselves, as if they were equal level constituents in 'nuclear democracy'. "According to Chew" he argued, "the present field theory will disappear as 'the old soldier fades away'. I agree with Chew when he says that the present field theory is not 'absolute nor final' and that the Regge pole model is a useful tool. I am, however, not satisfied with their philosophy because the 'matter is absent' in their thinking. I feel that their work is only 'a tool for the sake of a tool': we don't see 'the object' to be found with the use of that tool. Also, I am afraid that they haven't been successful in contributing to the concept of matter explored since the time of the ancient Greek. If we confine our discussion to the question of 'analyticity and symmetry', our study will be dwarfed into addressing 'the Providence of God': never the study of nature. 13) " In this way, Sakata criticized the bootstrap model which was based on the belief of 'nuclear democracy'. Sakata added, "Fortunately, Chew is healthier than his Epigonen in expressing that his approach is complimentary to that of Heisenberg in his attempt to deriving all elementary particles from the Urmaterie. Chew himself intends to approach the matter from the outer towards the inner part, rather than starting from the inner". §4. From the Sakata model to the quark model
In the meeting, Sakata postulated the existence of ur-baryons. "If", he stated, "Gell-Mann-Neeman's theory of the 'eightfold way' is experimentally proved to be better than the Ikeda-Ogawa-Ohnuki theory, we must first accept that the eight baryons belong to the same level, and then assume the existence of urproton, urneutron and ur-Λ-hyperon behind them. That there must underlie the 'logic of matter' beneath a symmetry is a specific feature of the methodology deduced from my composite model". The point was that the real proton, neutron and Λ-particle should be treated on the equal basis with the Σ-and Ξ-particles and that there must exist urbaryons that composed the octet baryons. For about a year preceding the proposal of the ace-quark model, 14) which was stimulated by the work of Sakata, a number of ur-baryon models that could reproduce the octet baryons had been produced. But, many of them were only concerned with the integral charge and the integral baryon number.
In 1964, Zweig and Gell-Mann presented the ace-quark model, 15) in which uquark, d-quark and s-quark corresponded to ur-proton, ur-neutron and ur-Λ-particle respectively, but with fractional charges and baryon numbers. Some argued that the quark should be considered only as a mathematical tool because of its fractional charge. In February 1964, another meeting was held at the Research Institute for Fundamental Physics on the theme of "Models and Structure of Elementary Particles". Here, Sakata stated that, "At present, there are a number of possibilities that could explain what the fundamental particles really are, and no one has yet arrived at a decisive conclusion. One may refer to the quarks proposed by GellMann (1964) as one of the simplest and the least modified from the original model (the Sakata model). The strange property of the quarks, the fractional charge, may not be seriously taken into account because the quarks belong to the stratum of the super-quantum mechanics. Rather, one should be careful of the harmful effect of the group-theoretical approach and the negative tendencies where one establishes the 'logic of form', such as the symmetry property, as the ultimate principle in physics and regards the introduction of the 'substances' such as the quarks as a conventional way to discovering the 'logic of form' ". In 1965, following the introduction of the quark model, Sakata explained that his choice of proton, neutron and Λ-particle as the three fundamental particles in his model was an accident, and the essence of the model lay in its methodology for discovering the "logic of matter" through the "logic of form".
Then Sakata quoted an old Chinese saying (see Fig. 5 ), "To listen to both sides makes you enlightened, and to listen to only one side makes you benighted". To hear such a remark from Sakata himself was a shock for me because until then I had been strictly following the original Sakata model. The event led me to an early acceptance of the ace-quark model, which enabled me to understand the background of the one-hadron-exchange model and to proceed to the establishment of the quark-rearrangement picture with quark-line diagrams of hadron reactions in collaboration with Imachi and others 16) (see Fig. 6 ). This substantialistical quark-rearrangement picture facilitated the understanding of the hadron reaction amplitudes given by the dispersion theoretical approaches, which led to the Veneziano model 17) or dual-resonance model 18) and then to the string model of hadrons. 19 I think that the SU (6) model 21) played a very important role in answering the question of how we saw the fractional charge. The model assigned a half-spin to the quark, and this substantial assignment clarified the contradiction between the statistics and the quark spins and opened the window for the finding of color-degree of freedom of the SU (3) symmetry by Han and Nambu, and Miyamoto and Hori. 22) The discovery of the exact SU (3) color symmetry combined with the color quark, color gauge fields, and gluons inevitably led to the establishment of the quantum chromo-dynamics (QCD). The collaborations for the establishment of the QCD and the combining of the Weinberg-Salam model in arriving at the standard model proved that the 'logic of matter' was plentiful. I think that the establishment of the standard model of fundamental particle is one of the most important discoveries in the latter-half of 20th century, although now it is regarded as a theory of phenomenological stage.
During his hospitalization from late 1960s and to 1970, Sakata would ask me, "How do you see the parton model proposed by Feynman?" This episode shows that he never lost his interest in the existence of quark, the more fundamental strata of matters even in his last moments. The parton model was based on the behavior of large momentum transfer regions of high energy collisions called the Bjorken scaling. 23) These approaches were extended to the quark-gluon jet phenomena, 24) whose experimentation proved the existence of colored quarks and gluons. Combination of these high momentum transfer behaviors and confinement of color degree of freedom, 25) which led to the establishment of the string model of hadrons and to the bag model of hadron, became the foundation of the QCD. §5. Towards standard model and further development During the days in the early 1960s, we in the Sakata school in Nagoya examined the reaction of composite hadrons and proceeded to address the question of model for the whole elementary particles, including leptons. In 1960, the Nagoya model 26) was presented by Maki, Nakagawa, Ohnuki and Sakata based on the baryon-lepton symmetry suggested by Gamba, Marshak and Okubo. 27) The model was modified in 1962 into the New Nagoya model, 28) taking into account the experimentally-proved difference between electron-coupled neutrino ν e and muon-coupled neutrino ν µ . For Sakata, this was a recurrence of the original "Two Meson Theory" he presented in 1942. The New Nagoya model postulated the existence of a new degree of freedom now called "charm" among hadrons and proposed a notion of mixing between the two neutrinos as follows:
Here, ν 1 and ν 2 are in the eigenstates of energies or masses of neutrinos. The angle θ was later changed to be called the Cabibbo angle 29) and has been applied to the Kobayashi-Maskawa matrix. From a substantialistic viewpoint Sakata, with Maki and Nakagawa, examined possible oscillation between the two neutrinos, provided that they had masses. With the use of this neutrino-oscillation, recent experiments proved that neutrinos have masses. In 1970, inevitable existence of the charm quark was also suggested by Glashow, Iliopoulos and Maiani 30) as the GIM mechanism, making the Weinberg-Salam theory of weak-electromagnetic interactions renormalizable.
In 1971 Niu found the existence of a new hadron with a very short life-time in his cosmic-ray experiment. 31) Ogawa 32) suggested in 1972, two years before the discoveries of the J/ψ meson in 1974, that the particle Niu observed was a charm particle on the ground of the universal weak interaction. The Sakata school in Nagoya examined the SU (4) symmetry of four-quark scheme and added charm degree of freedom. Here, the question of CP -violation was discussed, but the difficulty was how to formulate the CP -violation within the two-generation quark scheme. In 1973, after moving to the Kyoto University, Maskawa and Kobayashi presented the famous Kobayashi-Maskawa matrix scheme 33) for the CP -violation by introducing the top and bottom quarks of the third generation. This might be an important example of the forma, the CP -violation in the phenomenological stage, which is explained by the causa formalis, that is, the existence of the third generation in the substantialistic stage. As I noted earlier, Sakata was skeptical of the quantum field theories, but Maskawa would often say to me that the theories should be applied as much as possible even if they had defects. This means that an approach needs to take into account both the substantialistic viewpoint and the essential stage. As shown in Fig. 8 , the Kobayashi-Maskawa matrix was incorporated into the standard model of particle theory of the essential stage, but has been shifted to the phenomenological stage, or understood as theory approximate to future theory with non-zero neutrino masses.
Finally, I would like to touch on the meaning of renormalization and spontaneous symmetry breaking from a perspective of the dialectical approach to the nature. In "Dialectics of Nature" Engels wrote that nature was composed of various strata of different properties, each of which having its proper physical laws in operation. Those strata are neither isolated nor independent of each other but are mutually dependent and correlating among themselves. They are in the midst of generation, annihilation and mutual transformation, and are constituents of nature as the whole. From such viewpoint, the renormalizable quantum field theory is the first dynamic where the dialectic viewpoint has been incorporated in such a way that it can explain the creation, the annihilation and the mutual transformation on the basis of interactions. From this perspective, the procedure of renormalization is not only for the sake of avoiding divergence but an inevitable step to obtaining a theory that would explain the interaction of matters in the framework of dialectical approach to the nature. The discovery of spontaneous symmetry-breaking of vacuum and a number of other mechanisms revealed the existence of substantial contents in the renormalized quantum field theory. At this point, it became necessary to combine the question of model and the question of rule to find renormalizable quantum chromo-dynamics that ruled the quark and renormalizable quantum flavor dynamics. This means that in general the quantum field theories themselves have plentiful and substantial contents or ingredients which are yet to be discovered beside the Higgs-Kibble mechanism, the Bose condensation, the spontaneous gauge-symmetry breaking of vacuum, the Nambu-Goldstone boson 34) and so on.
In the late 1960s, Sakata often told me that there was a lack of notion of the evolution or the evolutionary theoretical perspective that was an important fundamental of the dialectic philosophy. In fact, after the death of Sakata, together with the big-bang theory the grand-unified theory introduced the evolutional viewpoint of interaction.
I had a good fortune of having been able to participate in the important work of developing the elementary particle theories into the establishment of the QCD, the rules on the quarks, as well as the work to establish the standard model, which was based on Sakata's physics and philosophy. As I prepared this report, I found myself that I did not yet fully grasp his physics and philosophy because "his philosophy is inexhaustible as an atom is".
